Do cysteine 230 and lysine 238 of biotin carboxylase play a role in the activation of biotin?
Biotin carboxylase from Escherichia coli catalyzes the ATP-dependent carboxylation of biotin and is one component of the multienzyme complex acetyl-CoA carboxylase, which catalyzes the committed step in long-chain fatty acid synthesis. For the carboxylation of biotin to occur, biotin must be deprotonated at its N1' position. Kinetic investigations, including solvent isotope effects and enzyme inactivation by N-ethylmaleimide, suggested a catalytic role for a cysteine residue and led to the proposal of a mechanism for the deprotonation of biotin. The proposed pathway suggests a catalytic base removes a proton from a nearby cysteine residue, forming a thiolate anion, which then abstracts the proton from biotin. Inactivation studies of pyruvate carboxylase, which has an analogous mode of action to biotin carboxylase, suggests the catalytic base in this reaction is a lysine residue. Using the crystal structure of biotin carboxylase, cysteine 230 and lysine 238 were identified as the likely active-site residues that act as this acid-base pair. To test the hypothesis that cysteine 230 and lysine 238 act as an acid-base pair to deprotonate biotin, site-directed mutagenesis was used to mutate cysteine 230 to alanine (C230A) and lysine 238 to glutamine (K238Q). Mutations at either residue resulted in a 50-fold increase in the K(m) for ATP. The C230A mutation had no effect on the formation of carboxybiotin, indicating that cysteine 230 does not play a role in the deprotonation of biotin. However, the K238Q mutation resulted in no formation of carboxybiotin, which showed that lysine 238 has a role in the carboxylation reaction. N-Ethylmaleimide was found to inactivate the C230A mutant but not the K238Q mutant, suggesting that N-ethylmaleimide is reacting with lysine 238 and not cysteine 230. The pH dependence of N-ethylmaleimide inactivation revealed that the pK value for lysine 238 was 9.4 or higher, suggesting lysine 238 is not a catalytic base. Thus, the results suggest that cysteine 230 and lysine 238 do not act as an acid-base pair in the deprotonation of biotin.